QfK  FILE  COPY  ADA106220 


MISSISSIPPI  -  KA5KASKIA  -  ST.  LOUIS  BASIN 


LAKE  ARROWHEAD  DAM 
FRANKLIN  COUNTY,  MISSOURI 
MO  30572 


O.V& 


v  -fc 


PHASE  1  INSPECTION  REPORT 
MATIONAL  DAM  SAFETY  PROGRAM 


CMS 


PREPARED  BY:  U.  S.  ARMY  EFTOINEER  DISTRICT,  ST.  LOUIS 
FOR:  STATE  OF  MISSOURI 


rlalnal  contain*  *«!•» 
platos :  AU  DTIC  ropra***- 

lona  »1U  bo  la  blaak 
ahlte* 


DECEMBER  197B 


v 


8l  10  21 


SECURITY  CLASSIFICATION  OP  THIS  PAGE  (Wham  Dm a  InlM4 


REPORT  DOCUMENTATION  PAGE 


«.  TITLE  (mm  kuhHtla) 

Phase  I  Dam  Inspection  Report 
National  Dam  Safety  Program 
Lake  Arrowhead  Dam  (MO  30572) 
Franklin  County,  Missouri 


“■  AUTMOMfe) 

Horner  &  Shifrin,  Inc. 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


S.  CONTRACT  OR  ORANT  NUMBERS) 


/S  .  / 

DACW43-78-C-/li»3 


PERFORMING  OROANIZATION  NAME  AND  AOORESS 

U.S.  Army  Engineer  District,  St.  Louis 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 

210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 


CONTROLLINGS  OFFICE  NAME  ANO  AOORESS 

U.S.  Army  Engineer  District,  St.  Louis  jj 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 
210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 


W 


I*,  report  date 
Dec— Isop  1078 


NUMBER  OF  RAGES 

Approximately  70 


IS.  SECURITY  CLASS,  (at  thla  rapart) 

UNCLASSIFIED 


a.  DCCLASSI  FI  CATION/ DOWN  GRADING 
SCHEDULE 


RIBuTlON  STATEMENT  (al  Bkla  Kapart) 


Approved  for  release;  distribution  unlimited. 


•T.  DISTRIBUTION  STATEMENT  (at  Ida  akauacl  amtaraB  I n  Blank  20,  It  mttarmt  Croat  Kapatt) 

/  National  D—  Safety  Program.  Lake  Arrowhead 
**  0—  (MO  30572),  Mississippi  -  Kaskaskia  -  St. 

Louis  Basin,  Franklin  County,  Missouri.  Phase 
IB.  supplementary  notes  I  Inspection  Report. 


NET  BOROS  (Camtkmaa  am  rararaa  iM.  It  maaaaamrr  mtd  IBantlfy  by  kleek  ntmkar) 

Dam  Safety,  Lake,  Dam  Inspection,  Private  Dams 


AOBTRACT  fP— a  » aaaaraa  a—  B  — aaaaap r  amt  Hamttfy  by  blaak  mumbm) 

This  report  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 


DEPARTMENT  OF  THE  ARMY 


•T.  LOUIS  OtSTWCT,  COUPS  OF  CNOINCKRS 
210  NONTH  I2TM  STSCCT 
ST.  LOUIS.  MISSOURI  SSIOI 


SUBJECT:  Lake  Arrowhead  Dam 


This  report  presents  the  results  of  a  field  inspection  .and  an  evaluation  of 
the  Lake  Arrowhead  Dam. 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal  Dams. 
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3)  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream. 
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NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Lake  Arrowhead  Dam 

Missouri 

Franklin 

Johnson  Branch  Meramec  River 
24  August  1978 


The  Lake  Arrowhead  Dam  was  visually  inspected  by  engineering  personnel  of 
Che  office  of  Horner  &  Shifrin,  Inc.,  Consulting  Engineers,  St.  Louis,  Missouri, 
The  purpose  of  the  inspection  was  to  assess  the  general  condition  of  the  dam 
with  respect  to  safety  and,  based  upon  this  inspection  and  available  data,  de¬ 
termine  if  the  dam  poses  a  hazard  to  human  life  or  property. 


The  following  summarizes  the  findings  of  the  inspection  and  the  results 
of  certain  hydrologic/hydraulic  investigations  performed  under  the  direction 
of  the  inspection  team. 

*  Based  on  a  visual  inspection,  the'following  deficiencies  were  noted 
during  the  inspection  and  are  considered  to  have  an  adverse  effect  on  the 

t 

overall  safety  and  future  operation  of  the  dam  and  spillway:  % 


1.  At  the  time  of  the  inspection,  the  grass  growing  on  the  crest,  and 
the  upstream  and  downstream  faces  of  the  dam  was  on  the  order  of 

24  inches  high.  The  grass  should  not  be  allowed  to  grow  to  a  height 
that  provides  cover  for  burrowing  animals  or  hinders  inspection  of 
the  dam.  ^ 

2.  Several  areas  of  dense  brush  that  may  conceal  animal  burrows  and 
trees  exist  on  the  crest  and  upstream  and  downstream  faces  of  the 
dam.  Tree  roots  may,  in  time,  provide  pathways  for  lake  seepage 
which  could  develop  into  a  piping  condition  and  subsequent  failure 
of  the  dam. 
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3.  Several  holes  that  appear  to  be  animal  burrows  were  observed  in  the 
upstream  face,  downstream  face,  and  crest  of  the  dam.  These  holes 
provide  voids  through  which  seepage  of  water  through  the  dam  may 
occur  and  If  left  unattended  can  develop  Into  a  piping  condition. 

4.  '  The  upstream  face  of  the  dam  la  grass  covered  throughout.  A  con¬ 

siderable  amount  of  erosion  of  the  upstream  alope  of  the  dam  at  the 
waterline  has  occurred.  A  grass  covered  alope  Is  not  considered 
adequate  to  protect  the  slope  against  erosion  by  wave  action. 

Erosion  of  the  slope  will  reduce  the  cross  section  of  the  dam  which 
may  result  in  Instability  and/or  overtopping  of  the  dam. 

5.  "The  concrete  retaining  wall  located  on  the  downstream  side  of  the 

dam  near  the  left  abutment  that  serves  to  support  the  embankment  at 
this  location  is  cracked  In  several  locations.  In  addition,  a 
section  of  the  wall  Is  leaning  in  an  outward  direction  and  appears 
unstable.  Loss  of  the  wall  could  result  in  failure  of  the  embank¬ 
ment  and  overtopping  of  the  dam.  (The  reason  for  the  construction 
of  the  wall  to  support  the  embankment  is  unclear.) 

6.  The  concrete  slope  paving  located  on  the  right  bank  of  the  principal 
spillway  outlet  channel  at  a  point  approximately  100  feet  downstream 
of  the  spillway  crest  is  undercut  and  the  pavement  subgrade  and 
embankment  extensively  eroded.  Erosion  of  the  subgrade  will  reduce 
the  embankment  and  may  result  in  instability  of  the  section. 

7.  Seepage,  as  evidenced  by  a  small  stream,  was  observed  originating 
from  the  downstream  toe  of  slope  at  a  point  about  midway  between  the 
retaining  wall  and  the  right  (looking  downstream)  side  of  the  prin- 
cipal  spillway.  Seepage  can  develop  into  a  piping  condition  that 
may  result  in  failure  of  the  dam. 

8.  The  crest  of  the  emergency  spillway  is  located  within  an  embankment 
section  and  is  protected  from  erosion  by  gross.  Erosion  was  observed 
in  the  area  immediately  downstream  of  the  crest.  A  grass  covered 
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surface  is  not  considered  adequate  protection  to  prevent  erosion  of 
a  fill  section  subjected  to  spillway  flow.  Erosion  of  the  earth 
fill  at  this  location  could  result  in  loss  of  the  embankment  and 
indiscriminate  flooding  of  the  area  below  the  dam. 

The  conditions  described  above  are  not  considered  to  be  serious  at  this 
time  to  warrant  immediate  remedial  action. 

The  crest  of  the  dam  was  found  to  be  approximately  2  feet  lower  at  a 
point  near  the  center  of  the  dam  than  in  the  area  adjacent  to  the  principal 
spillway.  (The  low  point  of  the  dam  is  approximately  5  feet  higher  than  the 
spillway  crest.)  As  a  result,  the  capacity  of  the  spillway  to  discharge  lake 
outflow  without  overtopping  the  dim  is  reduced.  Based  on  the  criteria  set 
forth  in  the  recommended  guidelines  (see  text)  and  since  there  are  eight  homes 
within  the  estimated  flood  zone,  the  spillway  design  flood  for  this  dam,  which 
is  classified  as  small  in  size  and  of  high  hazard  potential,  is  considered  to 
be  Probable  Maximum  Flood  (PMF) .  PMF  is  the  flood  that  may  be  expected  from 
the  most  severe  combination  of  critical  meteorologlc  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  Results  of  a  hydrologic/hydraulic 
analysis  indicated  that  the  existing  spillways  (principal  plus  emergency)  are 
Inadequate  to  pass  lake  outflow  resulting  from  a  storm  of  PMF  magnitude  with¬ 
out  overtopping  the  dam.  They  are  also  inadequate  to  pass  the  lake  outflow 
resulting  from  the  1  percent  chance  (100-year  frequency)  flood  without  over¬ 
topping  the  dam.  The  spillways  are  capable  of  passing  lake  outflow  correspond¬ 
ing  to  approximately  11  percent  of  the  PMF  without  overtopping  the  dam.  The 
length  of  the  downstream  damage  zone,  should  failure  of  the  dam  occur,  is 
estimated  to  be  one-half  mile.  There  are  eight  homes  and  one  subdivision 
street  within  the  possible  flood  damage  zone. 

A  review  of  available  data  did  not  disclose  that  seepage  and  stability 
analyses  of  the  dam  were  performed.  This  is  considered  a  deficiency  and 
should  be  rectified. 


ill 


It  is  recommended  that  the  Owner  take  the  necessary  action  in  the  near 
future  to  correct  or  control  the  deficiencies  and  safety  defects  reported 
herein. 

Albert  B.  Becker,  Jr. 
P.E.  Missouri  E-9168 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 

LAKE  ARROWHEAD  DAM  -  ID  NO.  30572 

SECTION  I  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  National  Dam  Inspection  Act,  Public  Law  92-367,  dated  8 
August  1972. 

b.  Purpose  of  Inspection.  The  purpose  of  this  visual  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with  respect  to  safety 
and,  based  upon  available  data  and  this  inspection,  determine  if  the  dam  poses 
a  hazard  to  human  life  or  property. 

c.  Evaluation  Criteria.  This  evaluation  was  performed  in  accordance 
with  the  "Phase  I"  investigation  procedures  as  prescribed  in  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams,"  Appendix  D  to  "Report  of  the  Chief 
of  Engineers  on  the  National  Program  of  Dams,"  dated  May  1975. 

1.2.  DESCRIPTION  OF  PROJECT 


a.  Description  of  Dam  and  Appurtenances.  The  Lake  Arrowhead  Dam  is  a 
earthfill  embankment  rising  approximately  24  feet  above  the  original  stream 
bed.  The  dam  has  a  length  of  800  feet,  a  crest  width  of  20  feet,  and  in 
general  embankment  slopes  of  lv  on  1.3h  upstream  above  the  waterline  and  about 
lv  on  2.5h  downstream.  The  dam  has  both  a  principal  and  an  emergency  spillway. 
Both  spillways  are  overflow  type  sections  with  the  principal  spillway  cut  into 
rock  at  the  left  abutment  and  the  emergency  spillway  in  an  embankment  near  the 
right  abutment.  A  concrete  retaining  wall  approximately  15  feet  high  provides 
support  for  the  embankment  on  the  downstream  side  of  the  dam  near  the  princi¬ 
pal  spillway.  (The  reason  for  retaining  the  embankment  with  a  wall  in  lieu  of 
allowing  the  fill  to  be  self  supporting  similar  to  rest  of  the  dam  is  unclear.) 
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The  downstream  slope  between  the  retaining  wall  and  the  embankment  that  forma 
the  right  (looking  downstream)  side  of  the  principal  spillway  ia  about  lv  on 
1.7h  and  is  covered  with  stone  riprap. 

The  main  section  of  the  dam  crosses  the  valley  in  a  north-south  direc¬ 
tion.  The  dam  alignment  follows  an  "S“  configuration  at  the  north  end  of  the 
structure.  Beginning  at  a  point  approximately  125  feet  south  of  the  hillside 
that  becomes  the  north  abutment,  the  dam  curves  sharply  (deflection  angle 
about  90  degrees)  forming  the  left  (looking  downstream)  side  of  the  approach 
channel  for  the  emergency  spillway.  At  a  point  approximately  350  feet  west  of 
the  main  section  of  the  dam,  the  dam  alignment  again  curves,  this  time  to  the 
north  and  joins  the  hillside  that  forms  the  north  (right)  abutment.  A  20-foot 
wide  depression  in  the  top  of  the  east-west  section  of  the  dam  forms  the 
emergency  spillway  crest.  The  crest  of  the  emergency  spillway  is  located  in 
the  embankment  about  300  feet  west  of  the  main  section  of  the  dam.  A  general 
plan  of  the  dam  is  shown  on  Plate  3. 

The  principal  spillway  is  cut  into  rock  at  the  left  abutment.  The  spill¬ 
way  channel  is  U-shaped  with  a  bottom  approximately  30  feet  wide.  A  series  of 
rock  waterfalls  approximately  70  feet  in  length  exist  in  the  spillway  outlet 
channel  beginning  at  a  point  about  100  feet  downstream  of  the  spillway  crest. 
The  spillway  outlet  channel  joins  the  downstream  channel,  Johnson  Branch, 
immediately  below  the  falls. 

The  emergency  spillway  as  indicated  above  is  located  in  an  embankment 
near  the  right  abutment.  The  crest  elevation  of  the  emergency  spillway  is 
approximately  1  foot  higher  than  the  crest  elevation  of  the  principal  spill¬ 
way,  The  approach  channel  to  the  emergency  spillway  is  a  U-shaped  section  cut 
in  the  right  abutment.  The  approach  channel  has  a  bottom  width  of  about  70 
feet.  The  spillway  crest  is  a  V-shaped  depression  in  the  embankment  at  the 
left  side  of  the  approach  channel.  The  emergency  spillway  outlet  channel  and 
the  point  where  the  outlet  joins  the  downstream  channel  are  not  readily  dis¬ 
cernible.  The  spillway  outlet  appears  to,  in  general,  follow  a  southernly 
course  until  it  reaches  the  downstream  channel,  Johnson  Branch. 
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Ac  normal  pool  elevation,  Che  lake  occupies  approximately  23  acres. 

There  are  no  drawdown  facilities  for  dewatering  the  lake.  A  plan  of  the  Lake 
Arrowhead  Subdivision  showing  the  lake,  dam,  roads  and  other  improvements  Is 
shown  on  Plate  2. 

b.  Location.  The  daa  and  lake  are  located  on  Johnson  Branch,  a  tribu¬ 
tary  of  Che  Meraaec  River,  and  within  the  Lake  Arrowhead  Subdivision.  The 
entrance  to  the  subdivis'on  is  located  on  the  west  side  of  State  Route  N  about 
2  ailes  north  of  Lonedell,  Missouri,  in  Franklin  County,  as  shown  on  the 
Regional  Vicinity  Map,  Plate  1.  The  dan  is  located  in  the  northeast  quarter 
of  Section  31,  Township  42  North,  Range  2  East. 

c.  Size  Classification.  The  size  classification,  based  on  the  height  of 
the  daa  and  storage  capacity,  is  categorized  as  small.  (Per  Table  1,  Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams.) 

d.  Hazard  Classification.  The  Lake  Arrowhead  Dam,  according  to  the  St. 
Louis  District,  Corps  of  Engineers,  has  a  high  hazard  potential,  meaning  that 
the  dam  is  located  such  that  failure  may  cause  loss  of  life,  serious  damage  to 
homes,  extensive  agrlcultrual,  industrial  and  commercial  facilities,  important 
public  utilities,  main  highways,  or  railroads.  The  estimated  flood  damage 
zone,  should  failure  of  the  dam  occur,  has  been  determined  by  the  St.  Louis 
District  to  extend  one-half  mile  downstream  of  the  dam.  There  are  eight  homes 
and  one  subdivision  street  within  the  possible  flood  damage  zone. 

e.  Ownership.  The  lake  and  dam  are  owned  by  Lake  Arrowhead  Inc.,  a  sub¬ 
division  association.  The  address  of  the  corporation  is  Post  Office  Box  7070, 
Lonedell,  Missouri  63060.  Mr.  Neal  Manicmann  is  the  current  president  of  the 
corporation. 

f.  Purpose  of  the  Dam.  The  dam  impounds  water  for  recreational  use  by 
the  property  owners  of  Lake  Arrowhead  Subdivision  and  their  guests. 
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g.  Design  and  Conatructlon  History.  According  to  a  representative  of 
the  Owner,  the  daa  was  constructed  at  least  40  years  ago  by  the  original 
property  owner  using  a  horse-drawn  scraper.  The  original  owner  of  the  prop¬ 
erty  was  reported  to  be  an  individual  by  the  name  of  Shuster.  Reportedly,  Mr. 
Shuster  is  deceased.  The  manner  by  which  Lake  Arrowhead  Inc.  obtained  owner¬ 
ship  of  the  property  is  unknown. 

According  to  a  representative  of  the  Owner,  no  data  relating  to  the 
design  or  construction  of  the  dam  are  available. 

h.  Normal  Operational  Procedure.  The  lake  level  is  unregulated. 

1.3  PERTINENT  DATA 

a.  Drainage  Area.  The  area  tributary  to  the  lake,  with  the  exception  of 
the  immediate  area  surrounding  the  lake  which  is  in  various  stages  of  residen¬ 
tial  development,  is  for  the  most  part  undeveloped  and  in  a  natural  state 
covered  with  timber.  The  watershed  above  the  dam  amounts  to  approximately 
2,100  acres.  The  watershed  area  is  outlined  on  Plate  1. 

b.  Discharge  at  Damslte. 

(1)  Estimated  maximum  known  flood  at  damsite  ...  260  cfs^ 

(2)  Spillway  capacity  (principal  plus  emergency)  ...  2,280  cfs 

c.  Elevation.  The  crest  of  the  principal  spillway  was  assumed  to  be 
elevation  529  (feet  above  MSL) ;  the  basis  for  this  assumption  being  the  con¬ 
tours  shown  on  the  1969  Lonedell,  Missouri,  Quadrangle  Map,  7.5  minute  series. 
The  following  elevations  were  determined  using  this  elevation  (529.0)  as  a 
benchmark. 

(1)  Top  of  dam  ...  533.9  (min.) 

(2)  Normal  pool  (principal  spillway  crest)  ...  529.0 

(3)  Emergency  spillway  crest  ...  530.0 


^ Based  on  a  high  water  mark  elevation  as  indicated  by  a  representative  of 
the  Owner. 
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(4)  Streambed  at  centerline  of  dam  . . .  510+ 

(5)  Maximum  tailwater  (Johnson  Branch)  . . .  Unknown 

(6)  Pool  at  date  of  inspection  ...  529.0 

d.  Reservoir. 

(1)  Length  of  normal  pool  (elevation  5w.0)  ...  2,000  ft. 

(2)  Length  of  maximum  pool  (elevation  533.9)  ...  2,600  ft. 

e.  Storage. 

(1)  Normal  pool  ...  140  ac.ft. 

(2)  Top  of  dam  (incremental)  ...  130  ac.ft. 

f .  Reservoir  Surface. 

(1)  Top  of  dam  ...  27  acres 

(2)  Normal  pool  ...  23  acres 

g.  Dam. 

(1)  Type  ...  Earthf ill 

(2)  Length  ...  800  ft. 

(3)  Height  ...  24  ft. 

(4)  Top  width  ...  20  ft. 

(5)  Side  slopes 

a.  Upstream  ...  lv  on  1.3h  above  waterline 

b.  Downstream  ...  lv  on  2.5h  (est.),  lv  on  1.7h^ 

(6)  Cutoff  ...  Unknown 

(7)  Slope  protection 

a.  Upstream  ...  Grass 

b.  Downstream  ...  Grass 

h.  Principal  Spillway  ...  Rock  cut,  broad-crested  U-section,  30  foot 
bottom  width. 

(1)  Crest  ...  Elevation  529.0 

(2)  Approach  . . .  Lake 


(1) 


Slope  of  lv  on  1.7h  occurs  between  retaining  wall  and  principal  spillway. 
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1.  Emergency  Spillway  . . .  Excavated  earth,  broad-crested  V-sectlon. 
(1)  Crest  ...  Elevation  S30.0 
(?)  Approach  Channel 

(a)  Width  ...  70  ft. 

(b)  Length  ...  300  ft. 

(c)  Slope  ...  0.0033  ft.  per  ft. 

j.  Outlet  for  Lake  Drawdown  ...  No  drawdown  facilities  exist. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

No  engineering  data  relating  to  the  design  of  the  dam  is  known  to  exist. 

2.2  CONSTRUCTION 

To  our  knowledge  no  formal  records  were  kept  during  the  construction  of 
the  dam.  A  representative  of  the  Owner  reported  that  the  dam  was  supposedly 
constructed  using  a  horse-drawn  scraper. 

2.3  OPERATION 


The  lake  level  is  normally  governed  by  the  principal  spillway,  consisting 
of  an  uncontrolled,  excavated  rock  section. 

A  letter  dated  8  April  1978  to  a  property  owner  at  Lake  Arrowhead  Subdi¬ 
vision  from  Mr.  James  H.  Williams,  Chief  Engineering  Geologist  with  the  Missouri 
Geological  Survey  (MGS),  reference  Charts  2-1  and  2-2,  regarding  the  general 
condition  of  the  dam  and  the  adequacy  of  the  spillways  is  presented  herein. 

Mr.  Williams  stated  in  his  letter  some  of  the  problems  that  existed  at  this 
dam  at  the  time  of  his  inspection  along  with  recommendations  for  remedial 
measures . 

A  letter  dated  16  May  1975,  from  Mr.  Thomas  J.  Dean,  Geologist,  also  with 
the  MGS,  to  a  property  owner  at  Lake  Arrowhead  Subdivision,  reference  Charts 
2-3  and  2-4,  Indicated  that  the  dam  may  be  overtopped  before  lake  outflow 
passes  the  emergency  spillway.  Mr.  Dean,  when  contacted  by  Horner  &  Shifrln 
personnel,  stated  that  his  conclusion  concerning  the  overtopping  of  the  dam 
prior  to  operation  of  the  emergency  spillway  was  based  upon  a  rough  hand  level 
survey  made  at  the  time  of  his  visit  to  Lake  Arrowhead.  Results  of  the  dam 
inspection  by  Horner  and  Shl'rln,  indicated  that  the  emergency  spillway  crest 
elevation  is  approximately  4  feet  lower  than  the  low  point  of  the  dam.  Mr.  Dean 


» 


also  stated  In  his  letter  that  It  was  obvious  the  emergency  spillway  had  not 
been  completed  at  the  time  of  his  Inspection. 

2.4.  EVALUATION 

a.  Availability.  Engineering  data  for  assessing  the  design  of  the 
earthflll  dam  and  spillways  were  unavailable. 

b.  Adequacy.  No  data  available.  Seepage  and  stability  analyses  com¬ 
parable  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety  Inspec¬ 
tion  of  Dams"  were  not  available,  which  Is  considered  a  deficiency.  These 
seepage  and  stability  analyses  should  be  performed  for  appropriate  loading 
conditions  (including  earthquake  loads)  and  made  a  matter  of  record. 


8 


( 


•  i  * 


w  J 


SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a*  General.  A  visual  Inspection  of  the  dam  and  spillway  was  made  by 
Horner  &  Shlfrin  engineering  personnel  (R.E.  Sauthoff,  Civil  Engineer  and 
Hydrologist;  D.L.  Heideman,  Civil  and  Soils  Engineer)  on  24  August  1978.  Also 
inspected  at  this  time  were  the  area  downstream  from  the  dam  and  the  homes 
between  the  dam  and  a  point  about  one-half  mile  downstream  of  the  dam.  Photo¬ 
graphs  of  the  dam  and  spillways  taken  at  the  time  of  the  inspection  are  in¬ 
cluded  on  Page  A-l  through  A-4  of  the  Appendix. 

b.  Dam.  The  visible  portions  of  the  upstream  and  downstream  faces  of 
the  dam  (see  Photos  1  and  2)  appeared  to  be  in  sound  condition.  The  entire 
embankment,  including  the  top  of  the  dam,  was  covered  with  brush  and  grass 
that  was  approximately  24  inches  high  at  the  time  of  the  inspection.  Two  bike 
paths,  one  near  the  left  and  one  near  the  right  abutment,  exist  on  the  down¬ 
stream  slope.  Small- to- large  trees  are  present  on  the  downstream  slope  of  the 
dam.  The  trees  are  primarily  located  near  the  center  of  the  dam  and  at  the 
left  abutment.  Several  large  tree  trunks  (see  Photo  3)  and  a  few  holes, 
assumed  to  be  animal  burrows  (see  Photo  4),  were  noticed  in  the  upstream  slope 
of  the  dam  near  the  waterline.  Dense  brush  and  small  trees  cover  the  crest 
and  slopes  of  the  embankment  that  defines  the  left  side  of  the  emergency  spill¬ 
way  approach  channel.  A  considerable  amount  of  erosion  of  the  upstream  face 
of  the  dam  that  appeared  to  be  due  to  wave  action  exists  at  the  waterline.  In 
eroded  areas,  the  exposed  soil  appeared  to  be  a  redish-brown  clay  containing 
gravel  and  small  stones. 

The  top  of  the  dam  was  found  to  be  about  2  feet  lower  at  a  point  near  the 
center  of  the  dam  than  in  the  area  adjacent  to  the  principal  spillway.  The 
low  point  of  the  dam  is  approximately  3  feet  higher  than  the  principal  spill¬ 
way  crest  and  4  feet  higher  than  the  emergency  spillway  crest.  A  profile  of 
the  top  of  the  dam  extending  through  the  crests  of  the  principal  and  emergency 
spillways  and  based  on  survey  data  obtained  during  the  inspection  is  shown  on 
Plate  3. 
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An  L-shaped  concrete  retaining  wall,  approximately  15  feet  high  (see 
Photo  5),  which  supports  the  embankment,  is  located  on  the  downstream  side  of 
the  dam  approximately  120  feet  from  the  left  abutment.  Large  trees  are  grow¬ 
ing  in  the  embankment  in  back  of  the  wall  and  in  the  foundation  material  in 
front  of  the  wall.  Several  cracks,  that  approach  1/4- inch  in  width,  were 
noticed  in  the  visible  portions  of  the  wall.  A  section  of  the  wall  that 
parallels  the  dam  was  leaning  in  an  outward  (away  from  the  dam)  direction  by 
about  2  Inches  at  the  top  of  the  wall.  A  dense  cover  of  brush  and  trees  pre¬ 
vented  a  detailed  examination  of  the  entire  wall. 

Seepage,  as  evidenced  by  a  small  stream  estimated  to  be  flowing  at  about 
5  gpm,  was  observed  originating  from  the  downstream  toe  of  slope  at  a  point 
about  midway  between  the  retaining  wall  and  the  embankment  that  forms  the 
right  side  of  the  principal  spillway.  The  stream,  with  pools  about  6  Inches 
deep  and  2  feet  wide,  joins  the  downstream  channel  about  100  feet  below  the 
dam.  Seepage  was  not  noticed  elsewhere  at  the  time  of  the  inspection. 

c.  Spillways.  The  principal  spillway,  a  U-shaped  broad-crested  section 
having  a  30-foot  bottom  width,  is  cut  into  rock  at  the  left  abutment.  A 
series  of  rock  waterfalls  approximately  70  feet  in  length  exist  in  the  spill¬ 
way  outlet  channel  beginning  approximately  100  feet  downstream  of  the  spillway 
crest.  A  profile  of  the  principal  spillway  channel  is  shown  on  Plate  3.  A 
section  of  concrete  slope  paving,  placed  to  protect  the  right  bank  of  the 
spillway  outlet  channel,  has  been  undercut  (see  Photo  7)  beginning  at  a  point 
immediately  adjacent  to  the  rock  waterfalls.  Large  concrete  slabs  and  miscel¬ 
laneous  debris  are  present  and  vegetation  is  growing  in  the  outlet  channel. 

The  outlet  channel  joins  the  original  stream  course,  Johnson  Branch,  lnmedl- 
ately  below  the  falls.  A  profile  of  the  spillway  through  the  control  section 
is  shown  on  Plate  3. 

The  emergency  spillway,  a  V-shaped  broad-crested  section  having  a  width 
of  about  20  feet,  has  been  constructed  at  the  end  of  the  embankment  that  forms 
the  left  side  of  the  spillway  channel.  The  spillway  crest  is  located  approxi- 
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mately  300  feet  downstream  of  the  main  section  of  the  dam.  The  invert  of  the 
spillway  crest  is  approximately  1  foot  higher  than  normal  pool  level.  The 
spillway  crest  has  a  grass  cover  to  protect  it  against  erosion.  Erosion  to  a 
depth  of  about  2  feet  has  occurred  in  the  area  Immediately  downstream  of  the 
crest.  Brush,  small  trees,  and  miscellaneous  debris  (see  Photo  8)  were  present 
in  the  spillway  approach  channel.  The  exact  route  by  which  flow  passing  the 
spillway  crest  reaches  the  downstream  channel  was  not  apparent  at  the  time  of 
the  inspection. 

d.  Downstream  Channel.  The  downstream  channel,  Johnson  Branch,  is 
unimproved.  A  gravel  surfaced  road  fords  the  stream  about  300  feet  below  the 
dam.  The  stream  joins  the  Meramec  River  approximately  2  miles  below  the  dam. 

e.  Reservoir.  The  area  contiguous  to  the  lake  was  found  to  be  in 
satisfactory  condition  with  the  lake  banks  covered  with  grass  and  trees.  Mo 
appreciable  amount  of  sediment  was  observed  in  the  lake. 

3.2  EVALUATION 

The  deficiencies  observed  during  this  inspection  are  not  considered  of 
major  consequence  to  warrant  immediate  remedial  action.  The  trees  should  be 
removed  from  the  downstream  slope  and  from  around  the  retaining  wall  near  the 
left  abutment  and  the  slope  and  wall  re-examined  to  determine  their  condition. 
The  removal  work  should  be  performed  in  a  manner  which  will  not  disturb  the 
existing  turf  cover,  or  damage  the  wall.  The  wall  should  be  examined  in 
detail  by  a  structural  engineer. 

A  means  of  controlling  the  seepage  that  is  occurring  between  the  retaining 
wall  and  the  embankment  at  the  right  side  of  the  principal  spillway  should  be 
provided . 

Since  the  emergency  spillway  crest  is  located  within  an  embankment,  grass 
cover  is  not  considered  adequate  protection  to  prevent  erosion  of  the  section 
by  spillway  flow  of  the  magnitude  under  consideration. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  principal  and  emergency  spillway  are  uncontrolled.  The  water  surface 
level  Is  governed  by  rainfall  runoff,  evaporation,  seepage,  and  the  capacity 
of  the  uncontrolled  spillway. 

4.2  maintenance  of  dam  and  spillway 

Based  on  the  dense  cover  of  vegetation  on  the  upstream  and  downstream 
slopes  of  the  dam,  and  the  numerous  holes  and  tree  trunks  on  the  upstream 
slope  of  the  dam,  it  is  apparent  that  the  dam  receives  only  limited  attention. 
According  to  a  representative  of  the  Owner,  the  grass  on  the  downstream  slope 
la  seldom  mowed. 

4.3  MAINTENANCE  OF  OUTLET  OPERATING  FACILITIES 

No  outlet  operating  facilities  exist  at  this  dam. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEMS  IN  EFFECT 

The  inspection  did  not  reveal  the  existence  of  a  dam  warning  system. 

4.5  EVALUATION 


Poor  maintenance  is  considered  detrimental  to  the  safety  of  the  dam.  It 
is  recommended  that  maintenance  on  a  regular  basis  of  the  dam  and  spillways 
be  undertaken. 


SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Design  data  not  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  were  de¬ 
veloped  from  the  1969,  Lonedell,  Missouri,  Quadrangle  Map.  The  proportions 
and  dimensions  of  the  spillways  and  dam  were  determined  from  surveys  made 
during  the  inspection.  With  respect  to  overtopping,  the  top  of  the  dam  was 
considered  to  be  the  actual  dam  profile,  varying  between  low  and  high  points 
within  reaches. 

c.  Visual  Observations. 

(1)  The  principal  spillway  and  outlet  channel  are  cut  into  rock  at  the 
left  abutment  of  the  dam.  Spillway  releases  within  the  capacity  of  the  spill¬ 
way,  could  endanger  the  integrity  of  the  dam  since  erosion  has  negated  a  part 
of  the  embankment  slope  protection. 

(2)  The  emergency  spillway  is  located  near  the  right  abutment.  The 
crest  of  the  emergency  spillway  is  about  one  foot  higher  than  the  crest  of  the 
principal  spillway  and  approximately  four  feet  lower  than  the  top  of  the  dam. 
The  crest  and  approach  channel  are  mostly  grass  lined.  The  course  of  the 
outlet  channel  is  not  readily  discernible.  Spillway  releases  may  endanger  the 
integrity  of  the  embankment  by  erosion  resulting  in  indiscriminate  flooding  of 
the  area  below  the  dam. 

(3)  The  top  of  the  dam  is  approximately  2  feet  lower  near  the  center  of 
the  dam  than  the  top  of  the  dam  adjacent  to  the  principal  spillway. 

(4)  There  are  no  facilities  to  dewater  the  lake. 
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d.  Overtopping  Potential.  The  spillway  section  la  Inadequate  to  pass 
the  probable  maximum  flood,  the  1/2  probable  maximum  flood,  or  the  lake  out¬ 
flow  resulting  from  the  1  percent  change  (100-year  frequency)  flood  without 
overtopping  the  dam.  The  results  of  a  dam  overtopping  analysis  are  as  fol¬ 
lows: 


Ratio  of 

PMF 

Q  -  Peak 
Outflow  (cfs) 

Max.  Lake  Water 
Surface  Elev. 

Max.  Depth  of 
Flow  Over  Dam 
(Elev.  533.9) 

Duration  of 
Overtopping 
of  Dam 
(Hours) 

0.11 

2,280 

533.9 

0 

0 

0.5 

11,570 

536.3 

2.4 

5.7 

1.0 

23,180 

537.7 

3.8 

6.9 

100-Year 

Flood 

6,830 

535.5 

1.6 

1.5 

The  flow  safely  passing  the  spillways  (principal  and  emergency)  just 
prior  to  overtopping  amounts  to  about  2,280  cfs,  which  is  the  lake  outflow 
resulting  from  the  inflow  of  a  storm  of  11  percent  probable  maximum  flood 
magnitude.  The  flow  safely  passing  the  spillways  is  less  than  the  lake  out¬ 
flow  resulting  from  a  storm  of  1  percent  chance  (100-year  frequency)  magni¬ 
tude. 


Procedures  and  data  for  determining  the  probable  maximum  flood,  the  100- 
year  frequency  flood,  and  the  discharge  rating  curve  for  flow  over  the  spill¬ 
way  and  the  dam  crest  are  presented  on  Pages  B-l  and  B-2  of  the  Appendix.  A 
listing  of  the  HEC-1  (Dam  Safety  Version)  input  data  is  shown  on  Page  B-3  and 
a  copy  of  the  computer  output  "Summary  of  the  Dam  Safety  Analysis"  is  presented 
on  Page  B-4  of  the  Appendix. 
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SECTION  6  -  STRUCTURAL  STABILITY 

&.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  which  adversely  affect  the 
structural  stability  of  the  dam  are  discussed  in  Section  3,  paragraph  3b. 

b.  Design  and  Construction  Data.  No  design  or  construction  data  relat¬ 
ing  to  the  structural  stability  of  the  dam  are  known  to  exist.  Also,  no  data 
relating  to  the  design  or  construction  of  the  retaining  wall  located  in  the 
downstream  slope  of  the  dam  was  available. 

c.  Operating  Records.  No  appurtenant  structures  or  facilities  requiring 
operation  exist  at  this  dam.  According  to  a  representative  of  the  Owner,  no 
records  have  been  kept  of  lake  level,  spillway  discharge,  dam  settlement,  or 
seepage. 

d.  Post  Construction  Changes.  The  Owner's  representative  is  not  aware 
of  any  post  construction  changes  made  to  the  dam  that  could  affect  the  struc¬ 
tural  stability  of  the  dam. 

e.  Seismic  Stability.  Due  to  the  relatively  low  profile  of  this  dam, 
maximum  height  of  approximately  24  feet,  and  since  there  are  no  reported  geo¬ 
logical  faults  in  this  immediate  area,  a  detailed  seismic  analysis  of  this 
structure  is  not  considered  necessary.  Also,  since  the  dam  is  located  within 
a  Zone  II  seismic  probability  area,  an  earthquake  of  the  magnitude  predicted 
is  not  expected  to  produce  a  hazardous  condition  to  the  dam,  provided  that 
static  stability  conditions  are  satisfactory  and  conventional  safety  margins 
exist. 
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SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  A  hydraulic  analysis  Indicated  that  the  spillways  (principal 
plus  emergency)  are  capable  of  passing  lake  outflow  of  about  2,280  cfs  without 
the  level  of  the  lake  exceeding  the  low  point  In  the  top  of  the  dam.  A  hydro- 
logic  analysis  of  the  runoff  from  the  lake  watershed  area,  as  discussed  In 
Section  5,  Indicated  that  for  a  storm  runoff  of  probable  maximum  flood  magni¬ 
tude,  the  lake  outflow  would  be  on  the  order  of  23,180  cfs,  which  would 
result  In  a  3.8-  foot  maximum  depth  of  flow  over  the  top  of  the  dam  at  Its  low 
point.  For  the  1  percent  chance  (100-year  frequency)  flood,  the  lake  outflow 
would  be  about  6,830  cfs  and  would  also  overtop  the  dam. 

Several  Items  were  noticed  during  the  visual  Inspection  that  adversely 
affect  the  safety  of  the  dam.  These  items,  which  exist  on  the  entire  embank¬ 
ment,  are  trees,  brush,  holes,  large  tree  trunks  and  surface  erosion.  The 
extent  of  the  effect  of  these  Items  can  be  better  assessed  after  the  trees  and 
brush  are  removed.  The  holes,  believed  to  be  animal  burrows,  observed  in  the 
crest  and  upstream  face  of  the  dam  are  also  considered  detrimental  to  the 
safety  of  the  dam  since  they  provide  pathways  for  seepage.  In  addition,  the 
retaining  wall  supporting  the  embankment  on  the  downstream  side  of  the  dam  was 
found  to  be  in  a  distressed  condition  as  evidenced  by  cracking  and  outward 
rotation  of  one  section  of  the  wall.  Loss  of  the  wall  could  result  in  failure 
of  the  dam. 

Investigations  made  during  the  inspection  did  not  disclose  that  stability 
and  seepage  analyses  of  the  dam  had  been  performed.  Engineering  data  relating 
to  the  design  of  the  retaining  wall  was  also  unavailable. 

b.  Adequacy  of  Information.  Due  to  lack  of  engineering  and  construction 
data,  the  assessments  reported  herein  were  based  on  external  conditions  as 
determined  during  the  visual  inspection.  Those  recommendations  with  regard  to 
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Che  hydrology  of  Che  lake  and  Che  capacldes  of  Che  spillways  were  based  on  a 
hydrologic/hydraulic  sCudy  as  indicaced  in  SecCion  5.  Seepage  and  scabilicy 
analyses  comparable  Co  the  requirements  of  the  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams"  were  not  available,  which  is  considered  a  defi¬ 
ciency. 


c.  Urgency.  The  safety  defects  noted  in  paragraph  7.1a  and  the  remedial 
measures  recommended  in  paragraph  7.2  should  be  accomplished  in  the  near 
future. 


d.  Necessity  for  Phase  II.  Based  on  the  resluts  of  the  Phase  I  inspec¬ 
tion,  a  Phase  II  investigation  is  not  recommended. 

e.  Seismic  Stability.  As  indicated  in  paragraph  6.1e,  a  detailed  seis¬ 
mic  analysis  of  this  dam  is  not  considered  necessary.  Also,  since  the  dam  is 
located  within  a  Zone  II  seismic  probability  area,  an  earthquake  of  the  magni¬ 
tude  predicted  is  not  expected  to  produce  a  hazardous  condition  to  the  dam, 
provided  that  static  stability  conditions  are  satisfactory  and  conventional 
safety  margins  exist. 

7.2  REMEDIAL  MEASURES 

a.  Recommendations .  The  following  actions  are  recommended: 

(1)  Based  upon  criteria  set  forth  in  the  recommended  guidelines,  altera¬ 
tions  to  this  design  of  the  dam  should  be  made  in  order  to  pass  lake  outflow 
resulting  from  a  storm  of  probable  maximum  flood  magnitude.  In  any  event,  it 
is  recommended  that  the  low  area  located  near  the  center  of  the  dam  be  raised 
such  that  it  no  longer  restricts  spillway  capacities. 

(2)  Obtain  the  necessary  soil  data  and  perform  stability  and  seepage 
analyses  in  order  to  determine  the  structural  stability  of  the  dam  for  all 


17 


operational  conditions.  Seepage  and  stability  analyses  should  be  performed  by 
a  professional  engineer  experienced  in  the  design  and  construction  of  dams. 
Stability  analyses  should  include  a  section  at  the  location  of  the  retaining 
wall  in  addition  to  other  critical  locations. 

b.  Operation  &  Mai  »enance  (0  &  M)  Procedures.  The  following  0  &  M 
procedures  are  recommen  ,J: 

(1)  Remove  the  trees  and  t  "us’  from  the  crest,  and  the  upstream  and 
downstream  slopes  of  the  dam.  Tree  roots  provide  a  passageway  for  seepage  and 
can  lead  to  a  piping  condition  and  subsequent  failure  of  the  dam.  The  existing 
turf  cover  should  be  restored  if  destroyed  or  missing.  Maintain  the  turf 
cover  on  the  slope  at  a  height  that  will  not  hindei  inspection  of  the  slope. 

The  removal  of  trees  should  be  performed  under  the  direction  of  an  engineer 
experienced  in  the  design  and  construction  of  earth  dams. 

(2)  Provide  some  means  of  preventing  piping  due  to  seepage  occurring  in 
the  area  between  the  retaining  wall  and  the  principal  spillway  since  a  piping 
condition  could  result  in  failure  of  the  dam. 

(3)  The  retaining  wall  located  on  the  downstream  side  of  the  embankment 
should  be  thoroughly  examined  by  a  structural  engineer  in  order  to  determine 
its  stability  and  structural  capability.  Based  upon  the  recommendations  of 
the  structural  engineer,  the  wall  should  be  removed,  replaced,  and/or  repaired 
as  required. 

(4)  Provide  some  form  of  protection  at  the  crest  and  downstream  slope  of 
the  emergency  spillway  in  order  to  prevent  erosion  by  spillway  flow.  Erosion 
of  the  embankment  at  this  location  could  result  in  indiscriminate  flooding  of 
the  area  below  the  dam. 

(5)  Eliminate  holes  in  dam,  created  by  burrowing  animals  or  by  the 
removal  of  tree  roots,  in  order  to  reduce  the  seepage  potential  and  the  pos¬ 
sibility  of  a  piping  condition. 
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(6)  Restore  the  subgrade  and  repair  the  concrete  slope  pavement  at  the 
right  bank  of  the  outlet  channel  for  the  principal  spillway  in  order  to  prevent 
additional  erosion  at  this  location  and  sloughing  of  the  bank. 

(7)  Restore  the  eroded  upstream  face  of  the  dam  and  provide  some  form  of 
slope  protection  to  protect  the  slope  against  erosion  by  wave  action. 

(8)  A  detailed  inspection  of  the  dam  should  be  institued  on  a  regular 
basis  by  an  engineer  experienced  in  the  design  and  construction  of  dams.  It 
is  also  recommended,  for  future  reference,  that  records  be  kept  of  all  inspec- 
tions  made  and  remedial  measures  taken* 
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May  16,  1975 


Mr.  George  Mann 
Post  Offico  Box  105 
Londell,  Missouri  63060 


Address  Reply  Tb*-;’,.  . ’ 
Poet  Office  Box  250 
Rolls Missouri.  65401 
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Dear  Mr.  Mann:  /  }..' 

■  >•  •'  :  ■  ■*.  • 

Mr.  Jerry  Phalen,  Corps  of  Engineers,  St.  Louis  office,  relayed  to  this  office 
your  call  concerning  potential  problems  with  inadequate  spillways  a.  Lake  Arrow¬ 
head  in  Franklin  County.  I  visited  the  lake  on  the  14th  of  Nay  and  I'.m  sorry  we 
could  not  make  contact.  Z  did  not  know  1  would  be  in  the  area  that  day  and  as  such 
did  not  call  prior  to  the  visit. 

Your  neighbor  to  the  west  ahowod  me  the  dam  and  the  row  of  stakes- that  you 
had  placed  at  the  high  wator  mark  a  few  days  prior  to  this  visit.  -The;  Height  at. 
which  the  stakes  were  placed  indicates  that  the  daa  might  be  overtopped  before  the 
emergency  spillway  would  be  in  operation.  The  emergency  spillway  obviously  has  . 
not  been  completed  aa  the  outlot  area  for  the  spillway  is  higher  than^  the  lnlet. 
area.  While  the  dam  has  from  5  to  7  feet  of  freeboard ,,in' selected :jareaa ,.  there- are 
low  spots  In  the  dam  considerably  lower  than  that.  ' J  \ X ^  ’ 

Aerial  photography  in  1941  shows  that  the  lake  was  constructed  'prior: to  that  < 
time  with  the  principal  and  emergency  spillway  respectively  in  their  same  positions. 

X  do  not  know  the  age  of  the  dam,  but  ooneiderlng  ita*  longevity,  it  appears  to- be*,:  . 
in  very  good  shape  with  no  oLvious  landslieds  or  earth  oracke  opened  qp. 

The  drainage  area  incompassing  the  lake  is  approximately  2,050  acres  with  the 
surface  area  of  the  lake  scaled  at  be’tween  20  and  25  surface  acres.  The  lake  is 
reported  to  bo  about  55  acres  in  sice,  but  X  believe  25  acres  would  be  more  accurate. 
This  leevea  a  rather  high  lake  size  to  drainage  area  ratio.  X  am  not  a  registered 
engineer,  and  aa  such  do  not  feci  oonfident  to  calculate  tha  needed  design  spill¬ 
way  for  this  lake  and  its  corresponding  watershed.  X  do  feel  that  it  would  be  in 
your  beat  interest  to  havu  tills  done  by  engineering  people  experienced  in  lake  design. 
The  present  condition  of  tha  spillways  would  lend  one  to  assume  that  they  are  inad¬ 
equate  for  25  and  50  year  frequency  rainfalls.  Given  tha  right  rainfall  lntanslty 
overtopping  probably  would  occur.  Again/  to  repeat,  X  would  reoonmend  that  an  - 
engineer  experienced  in  lake  design  be  ocnsulted  for  proper  sizing  and  design  of  the 
-  spillway  capacity  of  the  lake. 


■  >.  t 


'»  •  I 


Mr.  George  Mann 
May  16,  1975 
page  2 


If  you  do  not  know  any  civil  engineers  in  your  area,  contact  Mr.  Paul  H. 
Doll,  P.E. ,  Executive  Director,  Missouri  society  of  Professional  Engineers,;.;* 
210  Monroe  Street,  Post  Office  Box  365,  Jefferson  City,  Missouri  65101,'for  a  ; 
list  of  professional  engineers  and/or  recommendations  on  who  is  available  in 
5  your  area  for  such  design  work. 

•  ■  *  *  ’  t  ••  f  J 

•  If  we  can  be  of  further  assistance,  do  not  hesitate  to  call  or  write.'  .v* 

A  •  »  ■  .  .  ,5  ... 

I  •  *  .  *(  <  •  4  •  •  , 

■;  .  Yours  truly. 


Thomas  j.  Dean,  Geologist  s 
Applied  Engineering  i  Urban  Geology 
Missouri  Geological  Survey 
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CREST  AND  DOWNSTREAM  FACE  OF  DAM 


HYDROLOGIC  COMPUTATIONS 


1.  The  HEC-1  Dam  Safety  Version  (July  1978)  program  was  used  to  develop 
Inflow  and  outflow  hydrographs  and  dam  overtopping  analyses,  with  hydrologic 
Inputs  as  follows: 

a.  Probable  maximum  precipitation  (200  sq.  mile,  24-hour  value  equals 
25.5  inches)  from  Hydrometerological  Report  No.  33.  One  hundred  year  fre¬ 
quency  (one  square  mile  precipitation,  24-hour  value  equals  7.21  Inches)  from 
U.S.  ^leather  Bureau  Technical  Paper  No.  40. 

b.  Drainage  area  -  3.28  square  miles 

■  2,100  acres 


c.  SCS  parameters: 

Lag  time  ■  0.53  hours 

Soil  type  CN  -  91  (Soli  type  C,  AMC  III) 

2.  The  spillway  sections  consist  of  a  broad-crested,  approximately  U- 
shaped  rock  section  and  a  V-shaped  broad-crested  excavated  earth  section  for 
which  conventional  weir  formulas  do  not  apply. 

Spillway  release  rates  were  determined  as  follows: 

(1)  Spillway  crest  section  properties  (area,  a  and  top  width,  t) 
were  computed  for  various  depths,  d. 

(2)  It  was  assumed  that  flow  leaving  the  spillway  crest  would  occur  at 

critical  depth.  Flow  at  critical  depth  (Q  )  was  computed  as  Q  • 

0  5  c  c 

(a  g)  *  for  the  various  depth,  d. 

t 

Corresponding  velocities  (v^)  and  velocity  heads  (H^)  were  deter¬ 
mined  using  conventional  formulas. 
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(3)  Static  lake  levels  corresponding  to  the  various  values  passing 
over  the  spillway  were  computed  as  critical  depths  plus  critical 
velocity  head  (d^  +  Hvc)t  and  the  relationship  between  lake  level 
and  spillway  discharge  was  thus  obtained.  The  procedure  neglects 
the  minor  insignificant  friction  losses  across  the  length  of  the 
spillway. 

3.  The  profiles  of  the  dam  crest  is  irregular  and  flow  over  the  dam 
crest  cannot  be  determined  by  conventional  weir  formulae.  Flow  quantities 
overtopping  the  dam  crest  were  computed  as  described  in  the  preceeding  para¬ 
graphs  and  corresponding  flow  over  the  dam  and  spillway  for  given  elevations 
for  the  dam  were  added  to  obtain  the  combined  outflow  rating  curve  for  the  dam 
and  spillway.  These  rating  curves  are  shown  on  Plate  4.  Inflow  and  outflow 
hydrographs  for  the  PMF  for  each  dam  are  presented  on  Plate  5. 
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Adjusted  to  11  percent  for  depth  over  dam  equal  to  zero. 


